Baig, M. A.; Bokhari, I. A.; Rafiq, M.; Kalyar, M. A.; Hussian, T.; Ali, Raheel; and Piracha, Naveed K., "Photoexcitation and photoionization from the 2p53p[5/2]2,3 levels in neon" (2011 (399, 395, 390, 385, 380, 370, 364, and 355 nm) and that from the 2p 5 3p [5/2] 2 level at 401.8 nm. These measurements are in excellent agreement with the experimental values reported in the literature, while the experimental data lie much below the theoretically calculated photoionization cross sections curve.
We present measurements of the excitation spectra from the 2p 5 3p [5/2] 3,2 levels in neon using two-step laser excitation and ionization in conjunction with an optogalvanic detection in dc and rf discharge cells. 5 ( 2 P 1/2 ) parent ion level. The excited states are designated in the j c K-coupling scheme [1] . In this coupling scheme, the orbital angular momentum 2 of the excited electron couples with the total angular momentum j c = 3/2, 1/2 of the core electrons to give the resultant angular momentum K as (j c ± 2 ). The angular momentum K is then weakly coupled with the spin angular momentum s 2 of the excited electron to yield the total angular momentum J as (K ± s 2 ). The energy levels are denoted as n [K] J , whereas the levels marked with a prime are associated with the 3p 5 ( 2 P 1/2 ) parent ion configuration. The neon emission in the visible region consists of transitions between the levels associated with the 2p 5 3p and 2p 5 3s configurations that are frequently used as reference wavelengths for data calibration. The lowestlying levels with J = 3 and 2 of the 2p 5 
II. EXPERIMENTAL DETAILS
The basic experimental arrangement to record the photoexcitation/photoionization spectrum and to measure the photoionization cross section is similar to that described in our earlier papers [7] [8] [9] [10] [11] , recording the 2p 5 nd Rydberg series from the intermediate levels required the second dye laser to be temporally delayed with respect to the first dye laser by about 4 ns to ensure the pure two-step excitation process. The pulse width of the Nd:YAG laser was 5 ns and it was operated at a repetition rate of 10 Hz. A computercontrolled stepper motor was used to scan the second dye laser over the desired wavelength range. A single motor step advances about 0.02 cm −1 on the energy scale. Both the lasers were linearly polarized and overlapped in the interaction region of the discharge cell. Beam splitters were inserted in the optical path of the second dye laser beam to divide it into three parts. One portion of the laser beam was directed through a 1-mmdiameter aperture to an argon-filled discharge cell. The second portion, about 10% of the beam, was passed through a 2-mmthick solid etalon Free Spectral Range (FSR) 1.65 cm −1 ) and the third portion of the beam was directed to a neon-filled hollow cathode lamp, which produced well-distributed neon lines that have been used as reference wavelengths to determine the wavelengths of the observed spectral lines. The three signals were simultaneously recorded using three boxcar averagers (SR250) and the data were stored on a computer through a General Purpose Interface Bus (GPIB) card for subsequent analysis. The term energies of the observed Rydberg levels have been determined by adding the energy of the intermediate level to the laser excitation energies. The maximum uncertainty in the extracted term energies of the Rydberg levels is ±0.2 cm −1 . For the measurement of the photoionization cross sections from the 2p 5 3p [5/2] 3,2 intermediate levels near the first ionization threshold, the diameter of the exciting laser was set ≈2.5 mm while the cross-sectional area of the ionizing laser was calculated at each ionizing laser wavelength. Both the dye lasers were linearly polarized with their electric vectors parallel to each other. In each experiment, the intensity of the exciting laser was kept fixed, while the intensity of the ionizing laser was varied by inserting neutral density filters (Edmund Optics), and on each insertion the corresponding dye laser energy was measured. The ion signal was registered on a storage oscilloscope and on a computer for subsequent analysis. 
III. RESULTS AND DISCUSSION
In Fig. 1 (a), we show the spectrum recorded using the dc discharge covering the energy region from 23 550 to 24 [12] as well as their quantum defects that are equal to the lower members of the series listed by Kaufman and Minnhagen [2] . The most intense transitions are those which follow the K = J = = +1 selection rules, whereas the other possible transitions follow K = J = 0. Faust and McFarlane [12] In order to record this spectrum in a nearly field-free environment, we repeated this experiment using a rf discharge cell. In Fig. 1(b) we show the spectrum covering the region from 23 750 to 24 352 cm −1 , similar to Fig. 1(a) . The dipoleallowed spectral lines are sharp, whereas the parity-forbidden transitions are absent, reflecting the nonexistence of any field effects that might have been present in the dc discharge setup. level, which reveals the relative populations of these two low-lying levels. The optogalvanic signal remains nearly constant in the region from 24 200 to 24 300 cm −1 , whereas the signal intensities near the ionization threshold are very low, apparently due to the low efficiency of the dye laser (stilbene-420) in this region. The spectrum close to the ionization threshold was recorded using a more efficient dye (stilbene-411, Exciton, USA) for this region. Figure 1(c) 
The spectrum is presented in Fig. 1(d We have determined the term energies of all the levels by adding the energies of the intermediate levels to the laser excitation energies that are found to be in excellent agreement with the earlier reported values. The quantum defects µ associated with each energy level have been calculated using the Rydberg relation:
Here E n (cm −1 ) is the term energy of the level, R y is the mass-corrected Rydberg constant for neon 109 734.332 cm −1 , and V ion is the ionization potential of neon 173 929.75 ± 0.06 cm −1 [2] . The Rydberg series can be extended up to much higher principal quantum numbers by improving the laser linewidth and signal-to-noise ratio. However, the main objective of the present work was to locate the autoionizing resonances rather than to extend the series to higher n values and to measure the photoionization cross sections from the excited levels in neon. Knowing the absolute value of the photoionization cross section at the ionization threshold, the oscillator strengths of the Rydberg series can be calculated. Gallagher [14] inferred that the oscillator strength of an unperturbed Rydberg series decreases as n −3 . Any deviation of the scaling from 1/n 3 is attributed to some hidden perturbations. Evidently, the line intensities of the observed series show the 1/n 3 behavior (see Figs. 1 and 2 ). In the following section we present the measurements of the photoionization cross section from the 2p 5 3p [5/2] 3,2 levels at different ionizing laser wavelengths.
C. Measurements of photoionization cross section
Photoionization cross section is a measure of the probability of how much ionization is produced by the photons interacting with the sample under study. The measured values of the photoionization cross section of atoms have a number of applications in space, astrophysics, radiation protection, and laser designing. The knowledge of photoionization cross sections is not only important from the ground states of atoms but also from the excited states. Furthermore, the concept of cross section is important in understanding the interaction of radiation with matter, which is a basic phenomenon in nature. There are a number of methods for the measurement of photoionization cross sections. Babin and Gange [15] used a hollow cathode lamp to measure the photoionization cross section of the refractory elements. Stockhausen et al. [16] used a hollow cathode lamp to measure the photoionization cross section of the auto-ionizing lines of copper. In our earlier studies [17] level at 399.1 nm ionizing laser wavelength as 5.7 ± 1.5 Mb. The prime motivation behind the present work was to measure the absolute value of the photoionization cross section from the 2p 5 3p [5/2] 3 level at the first ionization threshold, at a corresponding ionizing laser wavelength 411.99 nm. As explained above, the near-threshold region contains a few spectral lines, excited from the 2p 5 3p [1/2] 1 level, that hampers our attempt to determine the cross section at the first ionization threshold.
We have measured the photoionization cross section from the 2p 5 3p [5/2] 3,2 intermediate levels at eight ionizing laser wavelengths; from 399 to 355 nm with 5 nm incremental steps, using the two-step ionization and saturation technique as described by Burkhardt et al. [18] , He et al. [19] , Saleem et al. [20] , and Haq et al. [21] . The experiments have been performed with assumptions that the intensity of the ionizing laser was larger than that required for saturating the intermediate level, and that the spontaneous emission was ignored during the 5 ns laser pulse. It was further assumed that the transitions remain saturated during the laser pulse, and the intensity of the ionizing laser beam was uniformly distributed and linearly polarized. Under these assumptions an empirical relation was developed to determine the cross section at the ionizing laser wavelength:
where Z is the total number of ions collected per unit volume, e (C) is the electronic charge, N 0 (cm −3 ) is the density of excited atoms, A (cm 2 ) is the cross-sectional area of the ionizing laser beam, U (J) is the total energy per ionizing laser pulse, hω (J) is the energy per photon of the ionizing laser beam, V vol (cm 3 ) is the laser interaction volume, and σ (cm 2 ) is the cross section for photoionization. In this technique, the first laser produces a column of excited vapors and the second laser, tuned to a fixed wavelength, photoionizes the atoms from the excited state. As the intensity of the second laser is increased, the number of ions increases as well, and a saturation is attained if all the excited atoms are ionized. A complete saturation can only be achieved with a top-hat-shaped laser pulse, whereas the wings in the Gaussian-shaped laser pulse hinder the complete saturation. Since the laser beams in the present work are Gaussian, their spatial profiles were monitored by scanning a p-i-n photodiode across their diameters and their spot sizes were established using the distance at which their intensities fall to 1/e 2 . The first dye laser at 640. transition remains saturated. The second dye laser beam, which was delayed by about 4 ns, was also passed through the discharge cell through an ≈2 mm aperture. The spot size of the exciter laser was larger than the spot size of the ionizing laser that eliminates the problems associated with the spatial overlapping of the exciter and the ionizer laser pulses. The area of the overlap region in the confocal limit is calculated by using the relation described in [22] :
Here ω o = λ/π θ is the beam waist, θ is the beam divergence ( 1 m rad.), Z is the aperture distance from the interaction region, and Z 0 = πω 2 o /λ. The intensity of the first laser is kept constant, while the intensity of the second laser is varied by inserting different neutral density filters.
The ion signal is registered on the oscilloscope as a function of the ionizing laser energy for further processing. A typical data for the photoionization signal from the 2p 5 3p [5/2] 3 level as a function of variation of the ionizing laser energy from 0 to 750 µJ at 390 nm is shown in Fig. 2 . The solid line, which passes through the data points, is a least-square fit to Eq. (2). The fitting of the experimental data yields the value of the photoionization cross section as 3.5 ± 0.6 Mb. It is evident from the figure that as the laser energy increases the ion signal increases rapidly and then changes slowly. The multistep photoionization process greatly depends on the flux of the ionizing laser pulse, and a complete saturation curve yields a more accurate value of the photoionization cross section. Unfortunately, we have not been able to achieve the complete saturations for the photoionization from the 2p 5 3p [5/2] 3 intermediate level in the present work, a limitation of our experimental system. In a similar way, we have determined the absolute values of the photoionization cross sections at different ionizing laser wavelengths: 399, 395, 390, 385, 380, 370, 364, and 355 nm. The corresponding values of the photoionization cross sections at these wavelengths have been determined as 5.7 ± 1.0, 4.2 ± 0.8, 3.5 ± 0.6, 3.0 ± 0.6, 2.7 ± 0.5, 2.3 ± 0.4, 2.2 ± 0.4, and 2.0 ± 0.4 Mb, respectively. In addition, using the same technique, we have measured the absolute value of the photoionization cross section from the 2p 5 3p [5/2] 2 level at 410.8 nm ionizing laser wavelength as 3.8 ± 0.7 Mb. It is worth mentioning that the main sources of uncertainty in the measurement of the absolute value of the photoionization cross section are the uncertainty in the laser energy measurement and the cross-sectional area of the ionizer laser beam in the interaction region. The uncertainties in the energy measurements are due to the energy meter (±5%) and the pulse-to-pulse variations in the laser energy (±5%). The uncertainty in the area measurement of the spatial beam profile of the ionizer laser (±15%) is due to the spontaneous decay during the laser pulse (±10%). The overall uncertainty in the measured cross sections does not exceed 20%. Samson et al. [23, 24] reported the photoionization cross section of neon at the 2p 5 2 P 1/2 ionization threshold as 6.38 Mb. Lee [6] as well as the experimental data for Ganz et al. [3] , Siegel et al. [4] , Claessens et al. [5] , and the present work.
and Weissler [25] determined the cross section as 5.8 Mb. James et al. [26] gave the ratio of the cross section as 2.18 of 2 P 3/2 at the ground state and to the number of ions produced in 2 P 1/2 at the excited state. Ganz et al. [3] reported the photoionization cross section from the 2p 5 3p [5/2] 3 level at the first ionization threshold as 6 ± 3 Mb, Siegel et al. [4] reported this cross section as 2 ± 1 Mb at 351.1 nm, and Claessens et al. [5] measured its value as 2.15 ± 0.25 and 2.05 ± 0.25 Mb at 363.8 and 351.1 nm, respectively. Recently, Petrov et al. [6] calculated the cross section at the first ionization threshold as 7.28 Mb. In Fig. 3 , we reproduce the existing data on the photoionization cross section along with our data covering the excess energy up to 0.6 eV. The solid line is the theoretical calculations by Petrov et al. [6] . The data obtained in the present studies are in excellent agreement with the previously measured values, while the data lie lower than the theoretically calculated photoionization curve. In Table I eight ionizing laser wavelengths near the first ionization threshold using the saturation technique. Our measured cross sections are in excellent agreement with the experimentally known values but deviate from the theoretical curve. It will be interesting to repeat these measurements using the MOT technique.
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